Introduction
A number of processing techniques such as drawing, template synthesis, phase separation, self-assembly, drawing, melt blowing and electrospinning, can be used to prepare nanofibres. Among them, electrospinning stands out as the most promising method for nanofibre production [1, 2] . Electrospinning is a process where fibres are created due to the electrostatic forces acting between two electrodes. This method has been known for more than 100 years, since the beginning of the 20th century, when John Francis Cooley filed the first patent for electrospinning in 1900. Further developments were made by William James Morton and John Zeleny. The latter published his work on the behaviour of fluid droplets at the end of metal capillaries. From 1931 to 1944, Anton Formhals took out at least 22 patents on the theory of electrospinning. From literature sources, it is known that Nikolai Albertowich Fuchs, Igor' Vasil'evich Petryanov-Sokolov, Natalya D Rosenblum, also Sir Geoffrey Ingram Taylor, Darrell Reneker and others distinguished themselves in this area. During 1964 During -1969 , Sir Geoffrey Ingram Taylor made a significant development in electrospinning and modelled the shape of the Taylor cone formed by a fluid droplet under the influence of an electric field [3] [4] [5] [6] . Nevertheless, it was only at the end of 20th century that this method began to be used more widely after new technologies has been created and the ability to manufacture fibres on the nanoscale emerged. By electrospinning, it is possible to manufacture nanofibres from a polymer solution or melt on the scale of a few dozen to a few hundred nanometres [7] . The main advantage of a web from such nanofibres is the very high surface area of polymeric fibres, manufactured from a very small quantity of polymer having very high barrier properties -the pores of such a web can be smaller than those of red blood cells.
In the last two decades, a lot of papers have been published where the authors analysed the influence of various technological, ambient and polymer characteristics on the structure of a web [8] [9] [10] [11] [12] [13] [14] [15] . Usually, most of the authors analysed the diameter of the nanofibres and used the average value of nanofibres for estimation from simply one or a few other SEM images. But, if we create an analysis of the nanofibre diameter distribution, we will find that in the majority of cases this distribution is not normal (Gaussian) [16] [17] [18] [19] . Again, the distribution is more complex. Some of the authors state that the distribution of the nanofibre diameters could be described as a log-normal distribution, but such a method does not have a theoretical basis and also does not have a physical sense [20] [21] [22] . It is well known that the values obtained are often described as having a log-normal distribution when a process depends on time, but the electrospinning process does not depend on the time, and this process continues throughout the entire time of manufacturing. Therefore, a log-normal distribution cannot be used for the estimation of diameter distribution.
In our previous works [23] [24] [25] 
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Theoretical
It is well known that a compound distribution is a characteristic distribution for the evaluation of the structure of yarns that have been blended from several different fibres [26] . Let us analyse the distribution of a yarn that has been blended from three different kinds of fibres. For example, let us take a woollen yarn that consists of 50% fibre A (d average = 16 µm), 30% fibre B (d average =18 µm) and 20% fibre C (d average = 20 µm). Assume that the diameter distributions of all these three kinds of fibres are the same (see Fig. 1 ). In this case, the compound distribution of the blended yarn itself can be obtained from the following view (see Fig. 2 ).
When we compare the blended yarn diameter distribution with the majority of the distributions obtainedfor the diameters same. Since various authors obtained different distributions, it does not allow us the possibility to compare their results and to analyse all their results together. In our previous work on the estimation of diameter distribution, we proposed the utilisation of a normal compound type of distribution. Our research has shown the high precision of utilising the concept of compound distribution in obtaining an empirical result for the actual distribution.
The goal of this work is to propose a uniform method for the estimation of nanofibre web quality through the use of compound distribution and statistical characteristics for the entire process of web evaluation. This method provides a possibility to compare the different results obtained by various researchers and to characterise the nanofibre webs created by a uniform system of mathematical criteria. other side of the modal value, symmetrical points are marked, because it is considered that the diameter of each kind of nanofibres is distributed as it would be in a normal distribution.
The second step of this method is to establish the second distribution. Therefore, the left part of it is calculated as a difference between the empirical values and the values attributed to it by the first distribution (up until the second modal value, i.e. 275-300 nm). The right part of the second distribution is found as in previous case, i.e. in the other side of the second modal value, the symmetrical points are marked. In the empirical curve, we can pick out the third peak and to make the same calculations, however, in the case presented here. But in our opinion, two first peaks are the most important, because the goal of electrospinning is to produce as thinner nanofibres as possible. The thicker nanofibres are defects and it is necessary to seek to avoid it. For this reason, it is proposed to estimate the quality of a nanofibres web by two first peaks. Lastly, by summarising the values of the two established distributions, a compound distribution can be calculated. According to the results presented in Fig. 3 , the 20% nanofibres is possible to attribute to the first distribution with modal value 187.5 nm and the 28% nanofibres is possible to attribute to the second distribution with modal value 287.5 nm. If we achieve more nanofibres distributed by first distribution after some technological changes, it means that we change parameters of electrospinning in the right direction and less sticked nanofibres were formed.
In the next step of our investigations, we also check did such a method of dividing of distribution into few normal distributions is useful for other kinds of nanofibrous web. The empirical distribution with several peaks (Fig. 3) can be compared with histogram from a literature source [18] (see Fig. 4 ). In this figure, a histogram with two peaks was also found. According to the method presented above, let us analyse this histogram.
of various electrospun nanofibres, we can see a very high similarity. Therefore, this means that the electrospun nanofibre diameter distribution can be described as a compound distribution consisting of several normal distributions together. Our previous works [23] [24] [25] have confirmed that a web of nanofibres can be formed from single and stick nanofibres. Stick nanofibres consists from two, three or more single nanofibres. The main problem is how to divide the single compound distribution into the single distributions of all the different kinds of fibres. In our previous work [23] , the method of how to calculate compound distribution has been proposed, but this method is very complicated.
Method of quality estimation
In this work, we propose the short-cut method of dividing the compound distribution into several distributions. This method is much simpler than the method presented in our previous work [23] and is based on the modal value of each kind of fibre and on the assumption that each kind of fibre has its own normal distribution.
From Fig. 3 , it is obvious that the empirical distribution of the nanofibre diameters has several peaks. The first peak is around 175-200 nm, the second is around 275-300 nm and the third peak is around 400 nm. According to the results, we can state that the diameter distribution consists of three normal distributions.
The first step of the short-cut method is to find the distribution of the first kind of nanofibres. The empirical values until the first modal value of distribution (175-200 nm) are set as the points of the left part of the first distribution. In this case, we considered that the first peak is the value where the diameter of nanofibres decreases no less than by two values. On the This means that this problem is typical for the electrospinning process regardless of the type of polymer used [18, [23] [24] [25] . For further analysis, the histogram from Fig. 5 will be used.
The first peak can be observed when the diameter of the nanofibres is around 0.2 μm (in this case, it is assumed that the peak is the value where the diameter decreases by no less than two values). Hence, the left part of the first distribution was established according to empirical values until the first peak, while the right part of the first normal distribution was marked as a symmetrical set of points from the left side (see Fig. 6 (a) ).
The second and total distributions were calculated as in the previous case (Fig. 6(b) and (c) ). The second modal value in this histogram is 0.375 μm.
From the histogram presented in Fig. 4 , it is evident that the scale of probability is very small. For this reason, this distribution has been reworked by a summation of the two adjective values (instead of two intervals of 0.01 μm, we used interval 0.02 μm; see Fig. 5 ). Now the probability is higher and this means that the accuracy of the method will be higher too. Increasing the intervals more than 0.02 μm will have the negative aspect -it will create the problem to determine the peaks. Despite the reworking of the distribution, it is evident that in both histograms, few peaks can be noticed as well. According to this, we can state that the values of the PP diameter are not distributed according to normal distribution, but it is distributed according to compound distribution. percentage quantity of all the fibres distributed by the first distribution and the diameter (d′) of the two modal values of their distribution. These values can be used for comparing various webs composed of nanofibres. A higher percentage quantity means a more unique structure for the web and a less wide of dispersion as well. The diameter d′ can be calculated using the formula in Equation (1)
where d modal is the first modal value of the entire distribution; d 2modal is the second modal value of the distribution; a and b are the percentage quantities of the first distribution and second distribution.
These mathematical criteria show the influence of various parameters on the structure of manufactured web and it is possible to compare different distributions when the diameter of nanofibres is distributed differently.
It is necessary to observe that the distributions obtained according to the short-cut method correspond to the empirical distribution very well (Figs 3 and 6(c)), and this means that this method can be used for dividing the compound distribution into single distributions.
In the next step of our investigation, the criteria for the evaluation of structure quality are proposed. While analysing literature sources, it was observed that the average diameter is used as the main parameter of nanofibre characterisation and according to the changes in average diameter, the authors make conclusions about the influence of the various parameters on a nonwoven structure. For this reason, the authors usually achieved controversial results. However, in the previous work [25] we established that the average value cannot be used alone for an evaluation of web quality, because changes in this value do not necessarily imply changes in the modal value or value of dispersion.
For the average diameter of nanofibres, we propose the use of the modal value of the first distribution, plus the Figure 6 . Short-cut method of PP nanofibres diameter distribution: (a) the first distribution marked by the short-cut method; (b) the second distribution marked by the short-cut method; and (c) the total distribution marked by the short-cut method.
Conclusions
• The various distributions of nanofibres are very complex, and the shapes of such distributions are usually very close to a compound one consisting of several normal distributions.
• A compound distribution can be divided into single distributions by utilising the short-cut method presented in this article.
•
The modal value and the percentage quantity of the first distribution, along with the diameter d′ of the two modal values, can be used for the evaluation of a web structure.
